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A charactristic feature of most deck load-lifting devices is the ability to operate under special conditions. As special conditions it is necessary to consider influence of a wind, rolling or pitching peculiarities, variation of parameters of «cable -cargo» system (its forms, weights, hydrodynamical and inertial factors, length of a cable), the transition from one milieu to another [1] . Nonstationary loadings that occur during the operation of such class of equipment take place not only over the period of transients, but also during the steady-state operating mode, and it has a negative effect on their performance and reliability. Therefore, the researches which have been aimed at improving the system of a drive deck load-lifting devices, are relevant and caused by requests.
The ship's deck load-lifting devices can be driven directly from the internal combustion engine, the drive itself can be either electric or hydraulic.
Among the requirements to drive such equipment are the optimal operating parameters, such as the conversion of speeds over a wide range, the possibility of reversing, the realization of modulating control as for speed and torque and also ability to withstand loadings. The hydromechanical drive complies with these requirements in a greater degree. It is proposed to use a hydraulic drive sensitive to changes in load parameters for smoother regulation of operating options, reduction of dynamic loadings, increasing of durability and reliability of deck's load-lifting equipment [2] .
The aim of this work is the compilation of the mathematical model of dynamic processes taking place in complex hydromechanical system of ship's deck load-lifting devices operating under special circumstances.
At modeling such types of systems there are some complexities connected with the nonevolutionary nature of the process. They can arise during the hooking of the cargo due to the roughness of the bottom or other underwater objects, at breakage of a cable, and because of the changing the parameters of the loading and the length of the cable.
The calculation scheme of the hydraulic drive, sensitive to load changes, is shown in figure 1 .
Fig. 1. The calculation scheme of the hydraulic drive, sensitive to load changes
The structure of a drive includes two hydromotors HM1 and HM2 for which the standpipe and drain line are connected. They are connected through a gear with a lifting mechanism LM. The maximum pressure generated by the pump P, driven by the asynchronous engine AE, is determined by setting of the safety valve SV1, which is connected during the reverse operation of the pump with a discharge line through nonreturn valves RV1 and RV2. The total reversal of hydraulic drive is carried out by the pump P. The operation of check valves CV3 or CV4 is performed depending on the direction of rotation of the hydraulic motor HM1. The auxiliary pump AP is provided for replenishment of leaks, from there, at the preset constant pressure, which is determined by the overflow pump OP2, the working liquid is supplied to the annular line through the return valve RV3.
The control unit CU is installed in the hydraulic main, which connects the semi-axis pressure cavity with the hydraulic motor HM2. The input of the hydraulic motor HM2 at the switched off control unit is connected to the drain through the return valve RV5. At rated loading, only the hydraulic motor HM1 operates. At sudden increase in loading, the pressure at the inlet of the hydraulic system reaches the value P4, it exceeds the nominal P1, in this case the control unit CU is triggered, owing to that the working liquid enters the working chamber of the hydraulic motor HM2 and connects it in parallel to the hydraulic motor HM1. The ability to control the torque on the shaft of the drum and the lifting speed is achieved through the regulation of the flow rate and pressure of the working liquid.
The equations of the mechanical part motion and the equation of fluid flow balance are the basis of the mathematical model of the output link of the hydro-mechanical drive.
During the modeling of the mechanical system, some assumptions were made: − discrete masses of the load-lifting device are absolutely rigid bodies; − the connections of discrete weights -are elastic weightless connecting links with constant factor of rigidity; − the chosen cable is presented by a weighty elastic-viscous thread of variable length; − the absence of transverse vibrations of the cable; − the slipping a cable on a drum is absent ; − the moment of inertia of the body coiling the winch drum, during the period of the system's acceleration . At modelling of the hydraulic system the following assumptions have been accepted: − the pump output capacity is constant (QP = const); − the total amount of working liquid in each line and in the connecting channels at current pressure is constant; − pressure connecting lines are short, therefore, it is possible to neglect the hydraulic resistance and the wave processes in them (ΔPf = 0); − the temperature and viscosity of the working fluid flow are taken as constant (t0 = const, μ = const); − the forces of dry friction are insignificant, therefore they can be neglected; − there is no cavitation and break of the flow in the system; − for this range of pressure variation, the ductility of the cavity, and the compressibility of the working fluid, are taken into account as average values; − the pressure of the liquid in the pressure and drain lines is approximately constant over the entire length and does not exceed those to open the safety valves; − the inertial pressure in the throttle line is insignificant in comparison with the total loss of fluid pressure; − the deflection angle of the flow is approximately constant and does not vary at minor vibrations of closing the valve near to the settled position; − the losses at the injection line are proportional to the pressure; − the overflowing in hydraulic machines are considered as the linear functions of the pressure difference in the lines; − the leakages in hydraulic machines are represented by a linear pressure function. The equations that describe the dynamics of the hydraulic drive operation we will write in the form of separate equations of individual elements of the drive, taking as a basis the equation of flow rate and moments of the hydro-mechanical system.
The equation of the working fluid flow rate that passes through the pump: -into the pressure main
-on the leaks in the pump
At the nominal loading in the equation that describes the operation of the hydromechanical drive, at first we take into account the operation of only one hydraulic motor HM1.
The equations of working fluid flow rate: -in the pressure line of the hydraulic motor HM1 ( )
-in the drain line of the hydraulic motor HM1 ( )
-for the leakage in the hydraulic motor ( )
In that case the general equations of the working fluid flow rate that determine the linkage between the fluid volumes flowing through the pump and the hydraulic motor, taking into account the strain of liquid and pipelines, they will have the form: -in the pressure line
-in the drain line
where
It is necessary to consider, that 1 CU P P ≥ When the loading value exceeds the nominal during the operation of the ship's deck load-lifting equipment, the pressure P4 is set in the hydraulic system, it exceeds the nominal pressure P1, in this case the control device is activated, as a result the working fluid enters the process chamber of the hydraulic motor HM2 and switches it on parallel to the hydraulic motor HM1.
The equations of working fluid flow rate presented here is: -in the pressure line
-in the drain line -the modules of elasticity of the pipeline's wall material and of the liquid.
At design of the hydraulic drive, sensitive to variation in loading, it is necessary to consider all possible cases of dynamic effects on lifting mechanism relative to the mechanical system « a cable -a cargo ».
As the cable length of the investigated class of ship's deck lifting devices is quite large, we can present it as a system with distributed parameters in the form of the variable-length thread with moving boundaries.
The mathematical model of the mechanical part is formulated on the basis of Lagrange's equations II [3] and has the form:
